• 



® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 470 299 A1 



© Application number: 90202152.6 
© Date of filing: 08.0a90 



EUROPEAN PATENT APPLICATION 

<£> intClA H01J 37/05, H01J 49/48 



© Date of publication of application: 
12.02.92 Bulletin 92/07 


© Inventor: Rose, Harald 

c/o INT. OCTROOIBUREAU B.V., Prof. 
Hoistlaan 6 


© Designated Contracting States: 


NL-5656 AA Eindhbven(NL) 


DE FR GB NL 




© Applicant: N.V. Philips' Gloeilampenfabrieken 


© Representative: Scheele, Edial Francois et al 
INTERN ATIONAAL OCTROOIBUREAU B.V. 


Groenewoudseweg 1 


Prof. Hoistlaan 6 


NL-5621 BA Eindhoven(NL) 


NL-5656 AA Eindhoven(NL) 



CM 

o 



LU 



© Energy filter for charged particle beam apparatus. 

© An energy selecting filter comprising a structure 
of four hemispheres to be transpassed succesively 
by a beam of charged particles to be filtered. The 
structure is symmetrically with respect to a plane of 
symmetry in which the energy selecting element, 
such as slit or a knife-edge is introduced. In a 
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charged particle beam apparatus such as a high 
resolution electron microscope the energy spread 
introduced by a source can adjustable be reduced to 
below for example 0,1 eV without introducing any 
beam deviation at the cost of only a small lengthen- 
ing of the apparatus. 
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The invention relates to an energy filter for 
monochromizing a charged particle beam in a 
charged particle beam apparatus and to a charged 
particle beam apparatus provided with such an 
energy filter. 

Chromatic aberration is one of the main factors 
that limits the resolution in charged particle beam 
apparatus such as ion beam microprobes, low- 
voltage electron microscopes, high resolution elec- 
tron microscopes especially when spherical aberra- 
tion is corrected, electron beam holography ap- 
paratus etc. 

Chromatic aberration can be corrected for at 
least in principle with the aid of a quadrupole 
system or a non-dispersive Wien filter system. 
Such systems, however, require an extreme stabil- 
ity of the electro-magnetic fields so that practizising 
has not been realised up to now. A monochromator 
comprising a system of cylindrical mirror analyzers 
has also been proposed, a drawback thereof is the 
low dispersion obtainable in a filter with an accept- 
able lengthening of the apparatus to be corrected. 

It is an object of the invention to provide an 
energy filter in which said drawbacks are avoided 
or substantially reduced. To achieve this, an en- 
ergy filter of the kind set forth in accordance with 
the invention is characterized in that the filter com- 
prises four basically hemispherically shaped con- 
denser structures being arranged symmetrically on 
both sides of a plane of symmetry within the filter, 
each condenser comprising an outer hemispherical 
electrode and an inner hemispherical electrode to 
be connected to different potentials respectively. 

With the structure an acceptable dispersion 
can be realised within an acceptable lengthening of 
the apparatus and stability requirements are sub- 
stantially less pertinent here due to the fact that the 
filter is purely electrostatic. 

A preferred embodiment of a filter constitutes 
as a whole a non-dispersive, telescopic charged 
particle device such that in fact no actions are 
active onto the particle beam apart from an image 
shift in axial direction with the desired monoch- 
romatization of the particle source. 

In a further embodiment energy selecting 
means are located in the region of the plane of 
symmetry in the filter. Although the location of the 
selecting means within the filter is not very critical, 
positioning in the plane of symmetry combines the 
advantages of largest dispersion, optical symmetry 
and simple structure. 

In a further embodiment a filter is provided in 
front and behind it with voltage adjustable screen- 
ings. With the aid thereof a mean voltage for the 
filter can be chosen such that the functioning there- 
of is optimized. It is further possible with the aid of 
voltages applied to the inner and the outer elec- 
trode of each condenser to correct for small con- 



struction defaults by introducing a small voltage 
difference. Preferably the voltages are chosen in 
such a way that the potential of the curved optic 
axis throughout the entire filter coincides with the 
5 potential of the screenings. 

In a further embodiment charged particle op- 
tical means are provided in front of the filter in 
order to image the particle source in a plane within 
the filter where energy selecting means are pro- 
io vided thus preferably in the plane of symmetry. 

Imaging the particle source into the plane of 
energy selection results in a maximizing of the 
current of the filtered beam after passing through a 
selecting opening. If this plane coincides with the 
75 plane of symmetry potential beam deviation in the 
first filter half will be compensated for in the sec- 
ond filter half. 

In a further embodiment the four pairs of hemi- 
spheres are arranged such that a cross section 
20 thereof constitutes, running with the beam to be 
corrected a mirror S-shape a straight connection 
tube and an S-shape, the straight connecting tube 
in fact forming a bottom of a vase-shaped structure 
and carrying in its centre the plane of symmetry. 
25 The four condensers may have the same structure 
having the advantage that in principle only two 
voltages are needed, a first for the inner hemi- 
spheres and a second for the outer hemisphere. 
Should any astigmatism occur in the beam of 
30 charged particles a stigmator can be introduced in 
a field free region thereof for example between the 
second and the third condenser or behind the 
fourth condenser. 

An energy filter as disclosed can be used in 
35 charged particle beam apparatus as listed and 
should preferably be introduced direct to the par- 
ticle source to which normally a lens system is 
added which can be used for imaging the source 
onto the selecting means. An usual beam imaging 
40 system, without further amendments, can follow the 
filter. Such an apparatus is preferably provided with 
a particle source combining a high beam current 
density with a relatively small energy spread such 
as a p-n emitter, a field emitter etc. The filter 
45 delivers a very coherent beam source and thus has 
special advantages for high resolution imaging, ho- 
lographic imaging, in electron or ion microscopes 
etc. 

Some embodiments of the invention will be 
50 described in more detail with reference to the ac- 
companying drawing showing a single figure. 

A filter as shown in the drawing provides four 
pairs of hemisperical structures 1a, 1b, 2a, 2b, 3a, 
3b and 4a, 4b respectively. An entrance opening 6 
55 of the first hemisphere is adapted to the direction 
of a charged particle beam 5 to be monochromiz- 
ed. To an exit opening 8 of the first hemispherical 
condenser 1a, 1b an entrance opening 10 of the 
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second hemispherical condenser is connected 
such that a cross section, as illustrated, constitutes 
a mirrored S shaped figure. 

Due to this arrangement an exit opening 12 of 
the second hemispherical condenser 2a, 2b should 
be coupled to an entrance opening 14 of the third 
hemispherical condenser by an intermediate 
straight connection tube 15. To an exit opening 16 
of the third hemispherical condenser 3a, 3b an 
entrance opening 18 of the fourth hemispherical j 
condenser 4a, 4b is coupled; constituting an S 
shaped cross section forming with the half of the 
tube 15 a mirror symmetrical structure of the first 
two hemispheres with the other half of the tube 15, 
thus together a double S shaped figure. The two i 
condensers 1a, 1b and 4a, 4b can be intercon- 
nected structurally with a bow 19. An exit opening 
20 of the fourth hemispherical condenser is ar- 
ranged that the charged particle beam leaving the 
filter follows its path straight on with respect to the 2 
beam path before entering the filter. Although other 
arrangements may be possible for the four hemi- 
spheres this one is very attractive in that no mutual 
transpassings occur, the required lengthening L in 
an apparatus is relatively small, measuring about 21 
2R in which R is the radius of the optic axis within 
the first and fourth hemispherical condenser, the 
radii R1 and R4 being identical. 

In front of the filter an electrode 22 and behind 
the filter an electrode 24 is added such that a well 3c 
defined potential can be introduced in the entrance 
and the exit region of the filter. In a symmetry 
plane 25 energy sensitive stopping means 26 are 
incorporated which may be constructed as a fixed 
or adjustable slit, a knive-edge preferably located 35 
at the side of the higher voltage electrons for 
beams in which the slope of the energy distribution 
at the low voltage side is relatively steep or any 
other selective beam stop. 

In a charged particle apparatus an emitting 40 
point 30 of a charged particle source 32 with a 
control electrode 34 can be imaged on the energy 
selecting means with the help of a usual lens 36. 
Behind the filter a control electrode 38 is shown for 
adapting the energy of the particle beam onto a 45 
working level for the apparatus. 

Basically the electrodes 22 and 24 carry the 
same voltage but a small difference can be intro- 
duced in order to correct electrically for potential 
construction deviations resulting in beam devi- 50 
ations. If the four condensers all have the same 
structure they can be electrically short-shunted 
thus all inner and all outer hemispheres respec- " 
tively carrying the same potential. If the radii of the 
hemispheres 1a and 4a differ from the radii of the 55 
hemispheres 2a and 3a however a difference in 
potential for those hemispheres should be intro- 
duced. The potential of the tube 1 5 should be the 



same as the potential for the screenings 22 and 24 
apart from small adjusting potential differences. 

Claims 

1- Energy filter for monochromizing a charged 
particle beam in a charged particle beam ap- 
paratus characterized in that the filter com- 
prises four basically hemisperically shaped 
condenser structures being arranged symmet- 
rically on both sides of a plane of symmetry 
within the filter, each condenser comprising an 
outer hemispherical electrode and an inner 
hemispherical electrode to be connected to 
different potentials respectively. 

2. Energy filter as claimed in claim 1 character- 
ized in that the filter as a whole constitutes a 
non-dispersive telescopic charged optical de- 
vice. 

3. Energy filter as claimed in claim 1 or 2 char- 
acterized in that a particle energy selecting slit 
is located in the region of the plane of sym- 
metry of the filter. 

4. Energy filter as claimed in claim 1,2 or 3 
characterized in that in front and behind the 
filter a voltage adjustable screen is provided. 

5. Energy filter as claimed in claim 1,2,3 or 4 
characterized in that optical means are pro- 
vided in front of the filter for forming in a 
particle beam apparatus an image of a particle 
source in a plane near to the plane of sym- 
metry in the filter where an energy selecting 
aperture is located. 

6. Energy filter as claimed in any one of the 
preceeding claims characterized in that the 
four condenser structures are substantially 
hemispheres. 

7. Energy selecting filter as claimed in claim 6 
characterized in that the four hemispheres con- 
stitute in cross-section a double S shape with a 
straight tube between two, one another facing 
terminals which tube carries an energy select- 
ing slit. 

8. Energy filter as claimed in claim 6 or 7 char- 
acterized in that the four hemispheres have the 
same mean radius. 

9. Energy filter as claimed in any one of the 
preceeding claims characterized in that an 
electrostatic stigmator is provided in a field 
free region of the filter. 
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10. Charged particle beam apparatus provided 
with an energy filter as claimed in any one of 
the preceeding claims. 

11. Charged particle beam apparatus as claimed in 5 
claim 10 characterized in that the apparatus is 
provided with an electron source having a 
small emissive surface, a small energy spread 

in the electrons emitted and a high emission 
density. 70 

12. Charged particle beam apparatus as claimed in 
claim 10 characterized in that it is provided 
with an ion emitting particle source. 

75 

13. Charged particle beam apparatus as claimed in 
claim 10 characterized in that it is provided 
with charged particle optical means to con- 
stitute holographical imaging. 
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